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Sir: 

I, JOHN R. McDonald, declare as follows: 

1 . I am an inventor of and am familiar with the subject matter of the 
above-captioned application. 

2. I received B.Sc. and Ph.D. degrees at Napier College, Edinburgh, 
completed successful postdoctoral appointments in Canada and The United 
States before leaving academia for the biotechnology industry (Boulder CO, and 
San Diego CA). I have been involved in all aspects of the Research and 
Development process from project planning through IND filing. My research has 
focused upon growth factor signal transduction, multiple sclerosis, and the 
purification and characterization of neurotrophic factors and growth factor- 
mitotoxin fusion proteins. I have received several peer-reviewed awards and 
grants, including a US National Institutes of Health Small Business Innovation 
Research Grant. I am co-author of over fifty publications, and a named inventor 
on nine patent applications. 
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3. I am a founder of Osprey Pharmaceuticals Limited, Canada, and I 
was Vice-President Research & Development and a Director at the company. 

4. I have read the Office Action, mailed February 19, 2003, that 
issued in connection with the above-captioned application. It is my 
understanding that the claims are rejected by the Examiner over Roby et al. 
(Oncology Reports 3:175-179, 1996) as being anticipated or obvious. I 
understand that anticipation requires that a reference disclose all elements as 
claimed and obviousness requires a suggestion in a reference to do that which 
applicant has done. 

5. As described below, Roby et al. does not disclose chemokine 
targeting agent-toxin conjugates that bind to chemokine receptors. The data 
and results presented in Roby et al. are inconsistent with a conclusion that its 
conjugates bind to chemokine receptors on cells and that its conjugates are 
internalized upon binding to chemokine receptors on cells. Furthermore, as 
described below, the C-terminus of chemokines, such as MSGA/GROor, is not 
responsible for receptor binding. 

Roby et al. describes a study that evaluated the feasibility of targeted 
delivery of daunorubicin to melanoma cancers cells. A C-terminal peptide from 
the CXC chemokine MSGA/GROa was conjugated to daunorubicin. As 
demonstrated below and in the attached references, the C-terminal portion of 
this chemokine does not mediate binding to chemokine receptors; the data in 
Roby et al. are consistent with this conclusion. In addition, the data in Roby et 
al. do not support a conclusion that the resulting conjugate is internalized by 
binding to receptors on melanoma cells. 

6. Analysis 

A. Expression of Chemokine Receptors on Target Cells 

IL-8, which has significant homology to MSGA/GROa, binds to the same 
receptors (see, Moser ef a/. (1991) J. Biol. Chem. 265:10666-10671 
Clark-Lewis et al. (1994) J. Biol. Chem. 255:16075-16081; Kim et al. (1994) J. 
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Biol. Chem. 265:132909-132915). as MSGA/GROa. Also, it is known that 
the chemokine MSGA/GROa binds to IL-8RB/CXCR2 and IL-8RA/CXCR1 with 
high and low affinity, respectively (see, e.g., Kim et al. (1994) J. Biol. Chem. 
265:132909-132915). It also is known that many chemokine receptors 
including CXCR1 and CXCR2 are expressed on a wide variety of cancers 
including ovarian cancers. In fact, both receptors have been shown to be highly 
expressed on human SKOV-3 ovarian cancer cells (Venkatakrishnan et al. 
(2000) J. Biol. Chem. 275\ 6868-6875). Hence, if the conjugate of Roby et al. 
binds to chemokine receptors for MSGA/GROa, then it should bind to SKOV-3 
cells. 

Roby et al., however, shows that SKOV-3 ovarian cancer cells are not 
susceptible to the C-terminal peptide targeted drug (Tables I and II). Thus, the 
C-terminal peptide of MGSA/GROct does not bind to chemokine receptors. 

This result indicates that the C-terminal peptide that is used to target the 

drug in Roby et al. is not binding to an MSGA/GROa receptor, since it would 

also bind to SKOV-3 cells, which express MSGA/Groa receptors. Further, as 

discussed below, it is unlikely that the conjugate engages another 

protein/growth factor receptor and undergoes internalization in view of the 

cytotoxic kinetic data presented by Roby et al. 

B. Chemokine receptor binding and activation sites reside on 
the N-terminus and NOT the C-terminus of the molecule. 

As described in the application and known to those of ordinary skill in the 

art the chemokine superfamily is divided into four subgroups (CXC, CO, C and 

CX3C) based on the position of up to four conserved cysteine residues. Most 

chemokines belong to the CXC and CC subgroups. The different chemokines 

have between 1 5 and 50% identity in their primary structures, but they share 

conserved three-dimensional structures. It is their highly conserved and shared 

three dimensional structures that are responsible for receptor binding and 

function. Early structural studies were carried out with the CXC ligand, IL-8, 

which as noted above, has significant homology to MSGA/GROa and binds to 

-3- 
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the same receptors (see, Moser et af. (1991) J. Biol. Chem. 255:10666-10671 
Clark-Lewis et al. (1994) J. Biol. Chem. 255:16075-16081; K\rc\ et al. (1994) J. 
Biol. Chem. 255:132909-132915). 

Subsequent studies on several chemokines confirmed the conserved 
nature of the three dimensional structure among chemokines and that subtle 
differences in the protein conformation accounts for their functional differences. 
Structurally, chemokines including MSGA/GROa, are made up a flexible 
N-terminus (up to 1 1 amino acids preceding the first cysteine) followed by a 
conformational rigid N-terminal loop region, then 3 anti-parallel beta strands and 
finally, a C-terminal alpha hefix. Structural studies have established that the 
N-terminal region of all chemokines is essential for chemokine receptor binding, 
activation and internalization. The rigid loop region following the second 
N-terminal cysteine of CXC and CC chemokines is responsible for initial ligand 
interaction or "docking" with the extracellular domain of the receptor which 
facilitates the access of the flexible N-terminal region (prior to the first cysteine) 
for receptor activation. The 30s loop (a few amino acids numbered around 
30-36 from the N-terminus) is not directly involved in receptor binding, but 
along with the disulfides provide a scaffold that determine the conformation of 
the sites that are critical for receptor binding and activation, (see, e.g., 
Clark-Lewis et al. (1995) J. Leukoc. Biol. 55:703-711; Baysal et al. (2001) 
Proteins 43:150-160). 

The C-terminal alpha helix does NOT bind to chemokine receptors, but 
has a stabilizing effect on the three dimensional structure, (see, e.g., 
Clark-Lewis et al. (1994) J. Biol. Chem. 255:16075-16081; Clark-Lewis et al. 
(1991) J. Biol. Chem. 255:23128-34; Zhang et al. (1991) J. Biol. Chem. 
25S: 1 591 8-1 5924). For example, functional studies on peptides of IL-8 (an 
analog of MSGA/GROa; as noted IL-8 and MSGA/GROa selectively bind to the 
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same receptors (IL8A/CXCR1 and IL-8B/CXCR2) show that a 1-51 amino acid 
peptide with the entire C-termina! a helix missing competes with the full length 
IL-8 for binding to the receptor and exhibits activity (see, Clark-Lewis et al. 
(1991) a Biol. Chem. 266:23128-23134, 23131). Further, a 22 amino acid 
C-terminal peptide containing the whole C-terminal a helix does not to bind to 
the receptor or show any activity (page 23132 of the same reference). The 
Roby et al. peptide (MGSA/GROa 47-71) has striking primary and secondary 
structure homology to the Clark-Lewis peptide. 

Despite extensive structural studies on numerous chemokines over the 
last 1 5 years there have been no reports preceding or subsequent to that of the 
cited Roby et al. describing C-terminals of chemokines (or peptides thereof) that 
bind to any signal transducing receptor (chemokine or not). Therefore, the 
peptide used in the conjugate of Roby et al. does not bind to a chemokine 
receptor. Thus, the conjugate does not target chemokine receptors and is not 
composed of a chemokine-receptor targeting agent. 

C. Kinetics of Chemokine receptor Internalization 

High affinity binding of many chemokines including MSGA/GROa, results 
in rapid (within minutes) receptor desensitization and internalization by receptor 
mediated endocytosis (see, Chuntharapai et al. (1995) J. Immunol. 
755:2587-2594; Mueller a/. (1997) J. Biol. Chem. 272:8207-8214; Yang et 
al. (1999) J. Biol. Chem. 274:11328-11333; Solari et al. (1997) J. Biol. Chem. 
272:9617-9620). Internalization leads to a dramatic drop in the availability of 
cell surface receptors leaving the cells unresponsive to further ligand effects 
until the cells have time to recycle or express new receptors. In the case of 
CXCR2, the MSGA/GROa specific receptor, recovery was shown to take several 
hours without receptor expression levels reaching 100% of the initial expression 
levels (see, Chuntharapai et al. {199b) J. Immunol. 755:2587-2594). In the 
same study, MSGA/GROa was shown to be internalized and to down regulate 
receptors by 50% in 10 min at a concentration of 0.2 nM. 
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If the conjugate of Roby et a/, was utilizing a chemoklne receptor (and 
one of ordinary skill in the art would expect CXCR2) or any classic 
protein/growth factor receptor that requires internalization, the drug would have 
been taken up rapidly. Given the multi-mechanisms of action of daunorubicin 
(which is taken into cells by diffusion as outlined below) and the short term 
experiments described by Roby et a/, (page 178, Table II), evidence of cell death 
of most of the susceptible (most metabolically active) cancer cells at lower 
doses would have been expected. The ID50 of the free and conjugated drug is in 
the micro-molar range and by definition so would the C-peptide (as it is 
conjugated 1:1 to the drug). This, however, is not what was observed in Roby 
et aL The >1000 ng/ml of ID 50 value for conjugate early incubation time 
points for the "target cells" in Table II (page 179) is calculated to give a 
concentration of at least 2000 times greater than the nM value reported by 
Chuntharapi et a/. It would be charitable to expect an "active" peptide to lose 
this much activity when compared to the parent molecule. Roby eta/, sum up 
the results of the shorter term drug incubation experiments summarized in Table 
II by stating "We can see from these tests that the observed tendency for long 
exposure {of daunorubicin and conjugate) is maintained" (page 178). This would 
suggest that both unconjugated and conjugated drug are taken up by the cells 
by a mechanism other than by a classic protein receptor route. It is most likely 
that the conjugated drug is taken up by diffusion as is the free drug. The Roby 
eta/, data supports this conclusion. 

D. Cellular uptake and Mechanism of Action of Daunorubicin 

Daunorubicin (Cerubidin*, DaunoXome) is one of the lipophilic 
anthracycline antibiotics long used in cancer therapy (see, e.g., Weiss (1992) 
Semin Onco/ 7S:670-686). The mechanisms of action(s) of these antibiotics 
include the inhibition of function and breakage of DNA, inhibition of transcription 
by inhibition of topoisomerase II, metal ion chelation, and generation of free 
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radicals (see, e.g., Bakkerera/. (1995) Current Pharmaceutical Design 
1'A 133-1 144). The anthracyclines are used in cancer therapy and are toxic to a 
wide range of cancer cells; there are only a few unresponsive cancers (see, 
Weiss et ai. (1992) Semin Oncol 19:670-86). Due to their lipophilic nature, 
these compounds are readily taken up by cells by simple diffusion (see, Bakker 
et al. (1995) Current Pharmaceutical Design 7:1133-1 144). In fact, to exploit 
this property, derivatives of daunorubicin, which are on the market, have been 
designed to increase their lipophilic nature (see, e.g., Michieli et al. (1996) 
Haematologica 57:295-301). The process of diffusion is time-, temperature-, 
concentration-dependent and energy independent (see, e.g., Nagasawa et al. 
(1996) Biol. Pharm. Bull. 75:100-105). Efflux of the drugs is facilitated by 
energy-dependent membrane pumps. The intracellular concentration is 
determined by a balance of these two processes and is a major determinant for 
the cytotoxic effects or the drugs. Tumor cells show differences in their intrinsic 
or acquired resistance to the drug. 

The data presented by Roby et al. show properties and functions 
characteristic of daunorubicin. Figures 3 through 6 and Tables I and II show that 
the free drug and conjugate at high concentrations are capable of killing ovarian 
carcinoma cells and fibrosarcoma cells as well as melanomas as would be 
expected of the broad spectrum cancer therapeutic. The high concentrations of 
drug needed in the short term experiments and the need for long term exposure 
is far more consistent with cellular uptake of the drug by diffusion rather than 
by internalization. The differences in ID50 values among the cell lines used could 
be a reflection of differences in the activity, in the accumulated intracellular drug 
concentration or the active state of the cells (e.g., different rates of 
proliferation). The result also can be a reflection of differences in the tumor 
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cells' intrinsic level of resistance to the drug. It must be pointed out that even 
resistant strains succumb to the drug albeit at higher doses {see, e.g., Michieli 
eta/. (1996) Haematologica 57:295-301; Michieli et al. (1999) Haematologica 
54:1151-1158). 

Roby et al. states that "the conjugate greatly increases the activity of 
daunorubicin on melanoma cells" and concludes "that the reason for such a 
dramatic increase is unknown" (bottom of page 178). The inference that Roby 
et al. is trying to make is that the conjugate targets the drug to these cells. 
These conclusions, however, clearly contradict the data in the paper. As 
noted, SKOV-3 cancer cells are known to robustly express the MSGA/GROa 
receptors, but the activity of the conjugates on these cells is decreased. 

Thus, the paper is describing phenomenology. The only explanation for 
the data is that the conjugate is sequestered in some way. Chemokines bind to 
glycosaminoglycans (GAGS) including heparin and heparan sulfate, chondroitin 
sulfate and dermatan sulfate (see, e.g., Proudfoot et al. (2001) J. Biol. Chem. 
276:10620-10626). They bind with much lower affinities than to chemokine 
receptors. These GAGS are expressed to a varying degree on the surface of 
cells and are not internalized. These GAGS are thought to help localize the 
chemokines to the area of inflammation and disease, increase their local 
concentration in vivo and facilitate chemokine receptor binding. It has been 
shown that the binding site for these proteoglycans has been located in the 
C-terminal alpha helix of some chemokines where a number of basic amino acid 
residues (lysine and arginine, also present in the peptide discussed here). The 
Roby et al. C-terminal peptide contains these amino acid residues. In a tissue 
culture dish without the stabilizing and high affinity binding effect of an 
N-terminal portion of a chemokine, this charged molecule will bind to a number 
of charged surfaces including the tissue culture dishes, various proteins and 
GAGS in the serum and cell medium as well as to the surface of most cells. 
Soluble GAGS have been shown to inhibit binding to GAGS on cells. 
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Therefore, while it is impossible to unequivocally interpret the data of 
Roby et al. (Tables I and II), a possible explanation for the increased, decreased 
and no change in sensitivity among the cell lines (Table I) is differences in GAG 
type, expression levels, affinities and number of binding sites on the different 
cells and this would be after binding to miscellaneous other surfaces. Finally, 
given that most cells express GAGS, Roby et al. does not demonstrate targeted 
delivery. 

7. Summary 

a) Roby et al. does not show that a chemokine targets a toxin to 
melanoma cancer cells specifically nor that such conjugate of a C-terminal 
peptide and a drug is internalized. Given the information available at the time of 
publication of Roby et al., one of ordinary skill in the art would not design a 
conjugate for targeting to chemokine receptors that lacks the N-terminal regions 
known to be required for cell-specific targeting (i.e., receptor binding, activation 
and internalization). Despite extensive work on peptides from all parts 
numerous chemokine proteins, there are no reports of any chemokine C-terminal 
peptide that is internalized or biologically active before or after that of Roby et 
al. 

b) Further, Roby et al. does not report studies of receptor internalization, 
cross-linking studies or receptor identification on target cells and alleged 
non-target cells. The kinetics of cellular uptake and activity on different cancer 
cell targets exhibited by the conjugate are entirely consistent with the known 
properties of the free drug. Thus Roby et al. does not disclose, teach or suggest 
conjugates that target toxins leukocytes, nor that different chemokine-targeting 
ligands confer different cellular specificities nor use of such conjugates for 
treatment of disorders that share a common underlying pathology. 
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I further declare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are believed to 
be true; and further, that these statements were made with knowledge that 
willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the 
application or any patent resulting therefrom. 
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Anthracydines - Pharmacology and Resistance? A Review 

M, Backer* ^ W-T.A. van der Graaf^, H.Jf.M. Groenl, e.F. Smitl and , 
E.G^. De Vries 2 
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Oroningcr\ Tfu: Netherlands 
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attiuvani cnmive ard paJJiativB aotSfifi for borh 66Jid mnion uid liematoloElc maugnancits. TJieir 
aniecJiMiiifBi of ftcuoa have n« ytt b«»n fuJIy clarifiid. Th* beit Imo^ti cftllukr TH«ham«ms 
pcevsntioH repJlcatioQ and iranscription by iniEraaJwioti of ONa, fofjniitioii of 3>^A breaJw pos&ibiy 
dM 10 formaUon of mxic lopDisomaL-asc complexss. ami geoerwieffi of free nKU«i»U. PnarnuicwaneQc 
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resistuncc assodaied protein CMRP) ar probably Qdier «ffliix ptimpa, t decreaw «i the acqvity of the targw M=ymc 
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h^iapesi becKue up io now. results of clinical jtudiss in solid tumwji wuh modu^torB (resjSTanist: modifiefsj MP^ such a? 
SiiodoiuiKi, vwafSmil. cyclosporin A and PSC 833 art n«t v«y eocoux^P^. In ^-ivo «udiCE W3± e.g. PCT s(^me ic wialyB.: 
did Inaaounor lcfn«ic hibhsviour of aathracycUncBi snd moduliEors of ilnig rehistancc, tit oa^in^ 



£1 Introduction 



In iHft early IpfiO's an iaoUto-fram fciraertnation brotlis Cf 
Strejuotnycej p^uc&iius and Sireptomyces caeruUorubidus, 
5radic(3 for its potentiaJ activiiy againgi Orsan-pasitivc 
bacEerias, found to have antiteoplastic efficacy in sniro*! 
mmon. Tha simultaneous cHscovery of Aft activ? drug by Italian 
BRd. French reaeftrthers was recorded in its name daimorabioin, » 
combtnaiioii of ttie Franch rubidoraycin and Tcalian daTJiiomycin 
tl, 2). Anthrftcyclines are still largely derived from mtcrobiaJ 
syntixftBii (vdth or without ^eiacicic matiipulaiion), although 
some dcrivftE« c&a be compltcdy chemically synthesized [3, 
Soon after daynorabieift was show/i to be active in hematologic 
and pediatric solid tumon iis sid« effacts appeared not to be 
Ueniltd to miico£a and bone marrow but r\so fnoludcd th^ heait 
tS]. Early doso limitit>g toxicity of anthracycliaes Is revtrsible 
D3yel(?5\>ppression (granulocytopcniaj and iDWC05itjs while lam 
flOftC hmiting toxicity is cardiotoxicity. This tonicity pittem 
directed the search fc*^ anaUOffS with less toxiciiy and equal Or 
higher aiiriprolif?T«tIve activity ihtw cbeir pai-enx compound. 
Lass than 20 derivaceii frgm more thfin 1000 anthracydines that 
hiTTft been tested in the laboratory have been enterad inio 
clinical trials [6]. Doxorubicin (the U-bydroxy analogue of 
daunorubicin) and Edanibicki <4-daii»etbox.y dauoorubictn) werc 
found to exhibit an increased iherapeutic iiideA compfir^ to 
dauDonabiCin [7, BJ. Epinibicid, Ibe 4'epimBr of daxorobicin, 
dartionstrated an improved thcrapeirric indtx compared to 
doxoi-ubicin, and tot this reaioti it it ificrca singly replacing 
doxorubicin (9, 101. The first -generatioii scrut:t'urc daunorubiciii 
has Kept its place in the treauocnt of hematologic malig nancies, 
and in the fame flfild idaniblcin has bean released for veasnenr 
[il]. The $cope of aotllumor action of both doxorubicin and it^ 
4'epimer epirubicin a& single ageoc or In CDmbinf^tion 

"Address eorrcspoadCQcc to Hits £ULh(»r ai tbe Vries» E.G.£^ M<D.. 
"Ph^., DivisiiyD of Me<UcKl Ocicroiogy, Dcpartntert of Iciem&l Mediciae* 
Uwvernty Kimplial Gfoninpcn, OosterstBgel 59. 9713 £Z Orttiingfift, The 
Nethcrlaadt 



cbcjnotiierflpy varies from hematologic malisn ancles to a 
tiivereiiy of solid tumors including small cell lung cancca:, 
breast, gait-ic, and bladder cancer, sarcomas acd germ cell 
iuinQf$. They are the components Of adjuvauL curative, as well 
palliaiiva Ltaiitments, Limitations exist io the group of 
namrally rsfiistant tumors such as non-SBftaU cell lung cancer, 
colon carciLioroa, rcn&I cell cancer and malignant melanoma. 
Because the clinical v^ijw of all anthracycUrtdS is limited by 
iittrirsic or acquired resisiwicc to 'the drug, search has been 
directed «> wards amitttmor agents able to overcome difTcPsnt 
mechamsms of resistance. TMe search has yielded the 
morphoUns anthracyclipes (MA) from which 
mMhOX^morpholino doxomhicin (MMD) «nd MX2 (3'-deamino- 
3'-morpha!ino-l3-dfiaxo-10~hydro?tyganninoiit3ycin) b4ve 
recently eTi;cred phate VU clinical irial? [12-14]. Excfept 
idariibtcin and possibiy MX2, anthracyclioes are not able to 
pass the blood brain barrier and thus exert no activity againa 
intrathecal tiirriors [15» 16]. 

A^thrficycline Derivatives 

Anihi-acyclines have in common a hydrophobic pan, the 
fluorescing tstrtwyclic chromophorc C rings A.BtC and D) witich 
£ivei the dru£ its characierisiic bright color []7)iflz- CD). 
Linked via a gIyco*idic bond is ihc hydrophilic amlnosugar 
daunosiriaisfe- Dsvnorubicin and doxorubicin only differ in the 
presence of 5nc hydroxy] group ar tbe C-14 position of the A 
iing [183. Dlffefcncet in structure have coft&t<juences for the 
cytotoxicity of the drugs Jft a direct way or indirectly by 
changing its chejnicsl or pharraaoologlcalcharacteriscjcs. 
KnowJedfiC about nrucuiitr- activity reladonsKips has determined 
iho dSreeiion of the »eaccfi for derivatives with nxxz favorable 
profileit It ii thought that changes at the 4'-poiition of the 
daunosaminc sugar influeijccs the afftniiy of the drug for DNa. 
An example it tha secODd-ge aeration anthracycltnc epirabiein 
that possesseia an equacoriAL insccad of axial configuracion of the 
hytiroxyl group of the aminosugar 119), Idambicin differs from 
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daCmmnbicin in the substirctiott cf & hydrageu for tht mctlaoxy 
(-OCH3) group of the D rin^ of the cttfomophorB. Thit fihang* 
impt-ovep the acid stabiliry and increases thii lipophilicity of th* 
drtjg whictL enables oral idministiatioti [8]. The MA possess a 
morpholinyj ring substicutid at the 3*po8iCio[i of the 
daunofiftiniae sugar; lite idarabiciD (and uolike othw 
authracycluice) these analO£5 rttsua dieir potency when orally 
administered [20], 

Mechanisms of Action 

TLb)e 1 summarizes the difterem mechanisms by which 
axirtiracycUnes tx&rt thcii cytotoxic adion. A number of ficdons 
that consiS(ut4 the cytotoxic propcrtias of the dreg are described; 
boufltvcr. it is not clearly distinguia habit which of tSese accians 
is the mosT Important ia iodctcing cell damage, tht inajQ target 
for cytotoxic a'ction of tla£ anthracyclmes iE DNA. Icrevcrtihle 
DNA damage more ihan a redwcdcn in ±£ mnoaot of ays'-hissizcd 
DNA however seeme to be the basis &f Ihs cjiotgxicicy [21]. The 
best fcitovvi] mechanism is the iDlcrcaiatigii between two base 
p^^jrs of DNA ot ribonucleic acid <RNA), The rings of the 
polycyqiic chrofflophorE pUiy a vital lole in the intarcilacion by 
bindina to DKA f^ni RKA. By a strong oleccroGtadc bond of the 
positively chsTged zmiao &iigir portion of the aDthracyclin«& to 
tho su^ar-phcrsphate backbone of DNA the incefc^aifid molecule 
is stftbilittd at intracallulftr pH. This w*y vital actiQiis fuch *» 
replicatimi and cranscription are blocked [22, 23]. Recently, 
SlcliLdancjw&k.i dcmoiutratcd DNA ciDSslinkiiig of anthracyclines 
□sing a mild DNA deraturation method that ktpt terapsraiurft (md 
•pH unstable bonds iriBct, Before, no crossUnklns could bs 
demonstrated doe to more a^gjr*i«ivt methods of DNA 
donaniration [24]. 



T«b)c 1. Ivlcchanlfia of ACCon of AmtfaracytJint* 



KlechAiiisni 



Effect 



InteccalitiOfl bctwccri base ptun InhifafiiM of DNA icplicatiori 
of DNA «nd RNA 



InhifaiLion of DNA rtplicatwrft 



Cleavable Complex forniatioiJ with Sifigle acid double strsrtd DNA 



iopoi3om«rM<i 1/U 
fiec radical forma'don 

Enzyme rnhnpition 

Binding re naembrane* 
DMA. alkylation 



Dtsiruction of macromc lee vies, 
DNA and feNA brejilcs 

Inhrhition of VNA/RSA. fiynlhwis, 
inhibition of (tynthesis of) 
dciosjfylne cuiyniAt. 

Aitomton of membrane function 
Descrvciio:! of DNA 



Topoisomenise* are tssentiil for DNA oieiAbolism by 
inserting iranei<9nt brealcs into siogle ([opoisomerase I) or 
doubl* Bcrand Ct^Jpoisomemse II) DNA, thus solving niBchanicAl 
problems caused by the double- helical smictuic of DNA [25]. The 
anthrtityclins-topoI^OnjcnLse cocnplejcei (ckavable complexes) 
forra stabilized DNA breaks, tbws mming [opoisomerajes into 
cdluJar toxins. The namre of the suhstitucnt at the 3 -positioQ of 
the dan no3 amis e moiety and gf th^ C-I4 posidon of the 
chromopbDre ring A are esoencial in the formation of cleavable 
coraplexes [26, 2?]. All anthracyciiuea but MAs seem co excn 
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their cytotoxic action partly by inhibitiTig lopoiscameiase U by 
the formauon of cltavable ci>mp]^xcS. 

Anthracvclijies aiso exert cytotoxicity by radical foonatian 
a>rt>ugb elcotron transport with a viia] rok for the qmnone (C) 
riiiE [23]- The qulnone ritif can be reduced by nicgiiXiamidc- 
adSiinc dinudeotidc phosphatt (NADPH) ^dependant flavm 
reductase ro a scmiquinDne ring by caking up 6 Sinfiic electroD 
whereafter this semiq^unone ting can be further reduced by ra>aiig 
gp u -^Svilri clectroQ, or doiute izs free ftleetroc to moleculw 
oxv^en thui g&rwratiag & superOJtidc fidical [29. 30] (Fig. (2]). 
m'Se al^ecnct of oxygen, anihrticyclines have the potency to 
geaeraco aglycoBfe ffte radicals (by spHtdng off the ammo 9U£ar 
of thi semiquinonc radicai) xhat produce DNA and RNA spglt 
and double icrind breaks. Free oxygen rsuJiwiU can damage mcra- 
as well as extraocllular macrxunoleculei Oipkla and proteins). By 
their ftctjon tcUs and rtiiiochondrU &weU. other orffxneUes 
fraomertate, and assentifa icitraoellulQr enzymes are inhibited 
Among these enzymes are DMA and RHA pQlymerasM, 
repair an(J detoxifying eazymw and nuclear matr^ ftlsxsxi 
eiKyines snch as topot&omaxase T flod U, AatocydioM can also 
be cytotoxic by binding to mfimbranes Uius altermg thcff 
funcuons. Trittcm rt al. demgu^trated cyiotD^deity by mtmhrMe 
interaction In vitro where tintranoe of fr« doxcrubicin. waa 
prcvcnttfd by coupling doxorubicin to an iaeoluhte aflor'^s* 
support [32]- 
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life of cpinibicin is short&r than of doxombidn (epiruhiciii: 30- 
40 Iwurs, doxorubicin: 40-70 hours), wixh an idetlBcal vobme 
Qf disoibo^ion [40], At physiological pH a lower fracooD of 
cpirubicSo is in its Ionized form compscfed to doxoruftian which 
Wialce« tte more lipophiUc and facilitates ceUular uptske 
[9] In accorxianea with these data are highfer pl«m* levels far 
doxorohicin and higher plasma clearance and eliminatioQ rates 
for epiruljiciti compartd to dcxonibit^. £3iminat:cA ijmaioly 
tbruitgfa the biU; a Kmall amount is excreted by the liooeys (5- 
1 1 [41 42], The cxcrcdDQ of iv adimni£te«:d doKxAVbidn ro 
the bile wli5 decenoineti to b«. 41 % in 7 dsyi, and in the unne 
13.7 % 'UL 7 days [43 J. Doxombicio and its active alcohol 
mciaboliie arc excreted for a small p«rt into the sali^-*, thus 
exposing lo -ally the mucosa of the upper fiastrointescinal tract 
m the for at least 2 dayt after W delivery [44]. Uver 

fujieiion di!;orders can seiionsly deUy alimination of the drug 
and its xnecabolites, necewiiains a ^^'^ redyction. EpmibKlD 
cieartmoe in patients with hepatocellular carcmoma correlatj^ 
beJt with sen^m aspartate ammotrtinsferaw (AST) levels » 
iU££cstitig AST icr^m levcb could possibly be a baiter basis for 
dose reduciiotu diaa the currently used serum biliruhm leve^ 
[45]. In casij of rwial insufficieacy, however, fUU dosages can be 
Given [Mil. loccr-inAividual -vartability of plasma 
phanoacoHaetics is high, whereas iiMra-individual vanabdlity iS 
m^^dh less pronounced. Intcr^individual vwiation co'il^ 
reduced if aex aiid age »re included ill ft clearance model [47]. 
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The mechanisms of action of tbe MA are in some ways 
different from those pf other aflthracyclints. The morpholinyl 
ring sTib?t3tu*,ed at the 3' position of dw daoKOSftmin unit of^the 
MAS precludes thoif inreraction with topoisonierase 11 [331. 
Inhibition cf topoi&omtras* 1 plays e role for these derivatas; it 
reroainE unclear whether topoieoTRerase I inhlbidOd plays a role 
in cj'toioxicily for doxorubicin as well [341. MA* intercalate 
into DNA compwable with ether a,ftihracyc]ineE and cause 
iinglc'Strand breaks; after microsomal aeiivation chcy cAn 
altyUie and cause DKA interstrind cross -links. The 
cyaJiomarpboJinyl Auihracyclines Hotyaver can bind covilcntly 
to single watid DNA followed by the foimaiioa of DNA^DNA 
inters trand croEs links wiAout preeedijig niataboUe activation 
[55. 36]. Ribasomal gene trartscription is sclfcctively inhibited 
by MA, a process that is ob^carvcd In vitro Vfiiia'a 30 mia dru* 
exposure [3?]. 

Plasma Pbariuacokinetics 

Anchxacyclini: ffooceatrations are usually datErminad by 
hifih -performance liquid chromaCograpby and flnorcBceoce 
detection (using the natural fluorescence of the ancbracyclijifi:s) 
[38]. After intravenous (iv) admjniptraTion anthracyclines 
disappear in a fciphiSic semm decay pattwn. They mo^t very 
fast from, the plasma into tbsuea wim an initial half hfc of 3-5 
min for hoth doxorubicin and epirubicin [39]. The terminal half 



Because ef the considerable variarlon mdi^duaUzftQcm of drug 
a d Clin is era ti on using in dividual patients' pharmacoldneDC 
parflHieters wa$ BU^gested. A limited Bamplin^ model for 
cpirutncic and doxorubicin pharmacoitinerics, using cnly wo 
saraple* to esttraate the area Dndex the ctcve <AUC) of the drug 
has been proposed [45-50]. Twelves et al. found dose-dependent 
or no«-liaear phairtiacokiDctics -with higher cleaxonfle for higher 
dosages wIibd plasma levels after trvo bolus injections were 
measured. Other studies however report dose-independent or 
Jinear pbarjiAftolcinetics [43. 51]. Le^a « *l reported a JO-foId 
decrease wiile Twelves Et al. reported a 40-ft)ld. dectcase in peak 
plfl;jiLa levtls when doxoittbidn was given as a 4-day infiaioo 
compared to the usual schedule of a 3- weekly bolus of the same 
dprug iniensicy (25 mg/m^^eck) [52, 53]. Eksbors [541 observed 
an up to IG-fbld decrease in peak plasma vaJxie wbem doxonibiean 
was admmistcn?d as a 4-hiOur Itifhsioiu only minor effects on 
peak pLaaraa levels were obtained wh*n the rafusibn duration was 
further prolonged, Cytoto»c acnon is thought to be determined 
by total drug expo sura astinaated by the AUC hut the relanon 
between pharmacokinetic pnnmieters and cytotoxicity i* not 
clear. In vitro studies hai-e sTjpwn a ihijrapewtic advantage for 
long-term low-dose, treatment compared to sbart-tcrm high-dose 
treatment [55, S6]. Little however is known about the effect of 
moduladon of infusion schedules on lesponso cjitcs and survival 
in vi^fO {57], 'WtiU sorae studies report a cotrelatiOil be^veen 
AUC, plastna clearance, tertninal rato constants and elimination 
constant Oil one side sad rcspcrtise status on the other ride [5S, 
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5^1, oiher ttudief have failed to dem&dstrate a comsl»tii>n 
bctwcfitt plasma pharmacokinetic parameters and response rates. 
Moreover, tissue to plasma ratios differ for different organs. 
This fttrther reduces the value of a mere estimation of the AUC. 
Report on the relationship between phananacofciDctic 
pfttamcterfi and tosiclty are no more univocai. Cardiac toxicity 
■wTis founcJ to be pafiially ietermiQed by peak pJaatria levels. 
Low-dofic long-lftrm infustcn is related an incfeascd A.UC ^ttd 
lowered plasma peak levels comj>«rcd to (be pharraacokiJictic 
porarnetcrt of a bolvs injection of the drug. Therefore, clinLca] 
. .-rmdics hav& been perfonneii with such schfiriules tO reduce cfirdiac 
10 xi city with maintenance of or increase in cytotoxic activity 
[60-62]. Continuous Ltifusion ha£ advantages; ii is oLovoid of rfie 
(Jisccmfon of iteijiient venapunciufcs and the use of porcabie 
pompt aftd caoirfil venou* caiheters made t/iiatment on an 
ompatieni basis possible. InfuRiftn by long-term venoas acceKs 
catheter, however, bas its own side effectf: such a5 iubcUvLan 
yeiXk thrombosts. nltbough the incide:>ce seems to be low [63]. 

Studies have been pcrforraed to tost die benefit on Qimor cell 
uptjJce and loweity of paelcaging or urgetting anthracyclines, 
EncfipsulSLiJig doxorul)icin in liposomes, small vesicla£ 
composed of phospholipids, could possibly teixilt in lower- 
cardiotoxiciiy and higher tumor cell upiaJke. The 
pharmaeoiciiieUc profile of liposome eocapsulsi^ed doxorubicio 
(LEDl differs from the phartn*eolcinctics of the 6reB coittpouna. 
Peak plasma levels and AUC values of LED are found to be up to 
20 times higher than levels found fifter irtfusioii of fi*ee 
doxorubicin [64]. Ihc volome of distfibution at steady stiue is 
markedly dccrea.sed fgr LED compared 'to doxorubicin, with 
retarded conversioa to its alcohol and aglycone metabolites, 
thcs effecting prolonged exposure to tbe far more toxic 
onmettboliMd doxcrubicia. Dependinf on size and composition 
of the tipofiocTies, uptake will take place preferencaaUy in the 
liver -and spl^n (the reticula endothelial system, (RES)), and in 
eertein torn ore- Increased uptake of the lip o sorties in orjims 
other than the RES eaxi be achieved by changing the size and 
eomposition of the liposomes to enhajite a prO^CQged 
circulation time [65]- tfi mice a selective uptake in mmor areas 
with improved tfaerapcudc index for LED observed [66]. In a 
ptLiSe I siudy m paiieats with hifh mmor ijivolv<arrvenl of tbe 
liver sl higher maximum tolerated dose (MTI>) (110 mg/n^) wai 
found for LED than for doxorubicin (60-90 m^ro^ [^1], 

la \itro studies and in vivo studies iD nude mice bearing 
hnmcti tumors shovv^ed eohfinced activity of anihi&oyc lines 
Ccmjagai&C lo antibodies againft rumor calls cocrtpared to th4 
dxu£ [CS, 65]. Oldham e\ (kl. demonstrated the feasibility of 
delivering individuaUy specified dittg Immunoconjugates in 
patients With refractory diseaic {701. UnprediOable bematologfc 
koxiciiy by vjiriable diMociation of doxorubicin from the 
anubody appeirred to be the limiting factor. Other carriers suc>, 
&£ autologous erythrocytea loaded wi\h doxorubicin have befiji 
used to prgduce special Qr*an taxgeitmg [71]. Reseireh in this 
area is Still t><;^in£. 

Cellular Pharmacokinetics 

The iranspon mechairisin by whicBl tfnthracycline& enter thd 
cell ii &e>t fully TCvealecL C«Uuiar uptake seems co place by 
Ficici^n diffusion or by carrier-mediated passive transport. Some 
invDstigators report saturation ktnetjcs and ftubstrate 
competition, and Cherefore adopt a cirrier-mediaDed tranaport 
system model. The upijtlce is dependent on ieinpenit;:re, pH and 
cell cycle phjLdc p2, 73], Upcike (and lethality) if, muximal in 
cells in S -phase; upcate ii higher a: higher lernper&rure ind in a 
sli^Jitly more allcalic envii-onmcnt when anthracycjines are 
ele^icronevtrai and hydrophobic. Cells ore able cc btiild high 
cellular to extracellular eadofi of drug conccnuationi, siiggcitin* 
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active tianspcn mechanisms. Hou/cver, acci*e transport 
niet^anlsms into the cell have never been demonsciated^ and 
high intra- to eiXa:ac»Uular ratios probably be btrilt up due to 
die strong bindiii£ of antliracyclines lo intracelltilir strucmrcs. 
Doxorubiciu has a ilightly higher dissociauon constant than 
dannorubiciil and cpirubicin- therefore its intraceJlular retention 
is prolonged, which might explain its favqrable effect on slowly 
growing solid tuniors. A ftuiilitated CftUvlar upmke of epirubicin 
compared lo doAonibicin can explaiti an increase in cytotoxicity 
obsBi^&d. when a tumor ceti litie was incubated for one hour with 
epirubicin c<3mpared to doxorubicin, while toiMeiTy found w 
be equal tor both drugs vhcn the incubation period was extended 
to 24 bouis [74J. Higher intr^tcflUuLar pcaic eoncen&atiotis for 
epirubicin compared to doxorubicin v/ere observed in patients 
with acute leukemia {15}. HLtgh UpophjUcliy of the Mas 
facilitates pjipid diffusion tiirough ttE cell membrane, where tbey 
■reach high iJicracellular levels. The lipophillcity and the celJolar 
accuniulatiQ.i of the drug do corrdate. Some authors report a 
correlation t»ecween cellular accumulation and cytotoxicity [76^ 
773. Within iJie cell, most of the drug is found in the nucl«ui, but 
considfii^tble amounts have been found in the cytoplasm, the 
plasma raajribcanc, mitochondria and other organfillefi [78, 79). 
A direcj correUtion betvi'een the amount of DNA-b<?und 
attiiracycliivis and cell death is rcpcned [80]. 1 1 is thotxght that 
an ionied anjinogroup in the anchracycline nioleciile is an 
important fgurror for binding to the DNA. 

Meta^boIlisiD 

Anthracycljties are extensively wscabolized. Fi£. (3) 
summarLacs (be major metabolic pathways of the anthracycljnes. 
Metaboiizaiion of the differwit amiiracryclmes is comparable and 
primarily tal»3 place in the liver. The in tetindi vidua] variation 
of pharmacokinetic data of meiaboUcefi is as large as tb* 
ihteriodivid'jal variation of unm<5tabo[i5cd an thracye lines. 
Anthracyclin&fi are metabolized by three type?" of metabolic 
reactions: keto red Motion, hydro lytic or reductive cleavage , and 
conjugation [81]. A reduction of the C-13 kstone group to a 
hychroxyJ finjup by the enzyme aldoketorednctasc delivers the 
15-dihydro (alcohol) metabolites. For daunorubicin^ 
doxorubicie. and idarubicin the major mc}Cabolite fouitd in plasam 
is the alcohol metabolite , While daunorubicicol foimd at 
tUgiier conctaitratloas in pksma than the unmctaboli^ed drug, 
doxonibiciAOt concentrations are found to be well below one- 
third of the conCentrationR of the parent dru^ [32]. For 
tdarublcin, eijual cotictntralions aro found of the pareni dru^ and 
the alcohol inttAbolitE. The terminal half lives of tbe alcohol 
mctflboliies erf doxorubicin and epirubicin were found to be up to 
1.5 Uiiie£ longer compared to the unmetabolized drugs [41]. 
Both the onrjetabolizcd anthraeycline and its alcohol metabolite 
are subsccateii for reductive antJ hydrolytic cleavage Catalyzed by 
NADPH. The products are the 7.dcoxy metabolites or 7-deoxy 
aglycones cf the ajithracyelifiea and their alcohol m.etabo]ites 
(lod tbe 7-hydrg:*;y aglycones, Foithec on, reductive cleavage of 
the 4'-poaition can result in 4-7 lieoxy igjycorxs or 4-deoxy, 7- 
bydi-oxy afilycoxis. Mross et al. [41] foutid a second peal: b ihs 
AUC of aglvetoes of do?torubicin nnd epirubicin metabolism 2- 
12 hours after injection, suggesting enterohcpfttic circulation of 
these metabolites. 

A minor jiwcabolic pathway 15 formed by conjugation: be^ 
known is the conjugation of epirubicin with reduced glumihione 
(GSH) to form detoxified GSH-cpiruhicm addncis. Epirubicin 
filQCuroDidB found to bs the major metahoHLe of epiiSibidn 
in plaania^ concentratjons of ilie glucuroqide exceeds those of 
ihs unmetabc-Iized drug [E2}. Unlike doxorubicin and cpirubicio 
fifld their metabolites which rsach their peak within minutes after 
boius iajecUcti cf the dru^, the glQcoromdeB have Lbeir maximRl 
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plasma coftcentratioi] 1-2 houifi afwf bolus adminisiration. The 
^lucuroLide group was found to attach to tbft 'fposidon of ete 
diunosamiae sugar: the equatorial ofiencation of the hydroxy! 
^oup a: this posiiiQti of epinibUin enablea this coT3ju5;ation. 
JBpinibicin gluMronides account for 97.3 % of the acmpounds 
roeagured in the Srit 3 hours foUorwing a I hour-infufiioa of 50 
mg/m* epirubieia [S3]. Olucttronidadoj) might enhana* the 
cliniiiiatioa raw of tpintbido which might be related [O its lower 
toxicity profile [84J. Both ihc alcohol raeUt^Htc and the 
aglycones stfe nwre hydrophilic Chan die irametabolized drug; U>6 
alcohol memholitfis show lo-ft^cr toxicity ti«in die unniBcabolized 
drug whila the aglycones exta hardly any cyrotoxjeicy, Robert 
^[ al. [85] found a pMitivc coneladon beivcca low ratei of 
epinibiciji glucuronidatiop and better tiunor rtsponse rates. The 
reduction in cytotftKic poientiil of the alcohol metabolite and 
the aglyconee may be partially dut to their lower cellular uptakfr 
and nu&lcar localization [86]. The alcohol metabolitcfi of 
doxorubicia (doxonihicinol) and. epimbici& (cpirubiciuol) were 
foond to exhibit S % or 1cm of ihe activitj- of tbair parent drce* 
in tumof cells [87]. The relative toxicity of dBUoOrabicinol 
compared to dawnonibicin was slightly tughcr (up to Only 
idarubicLnol, the alcohol inetabolice of idambicin, was found^ to 
be els cytotoxic as unmotabolized druE- Kaareductase conversion 
of idarvibicic can therefor© not be regarded « an inac tivatiou 
pathway fis is the case for other anthracycUnes. Studies 
iavcsii^adiig in vitro tumor cell metabolism gDnerally rerpoft 
undetectable or low levels of cellular metabolisni of 
anthracyclines [S8, 89]. 



Toxicity 

Tabic 2 shows the toxicity profila of anthracyclines. The 
early doie-limiti»S toxicity Is (lecko- and) etfiaulocytPP«iia 
and mucositis. Not only the actoai nusnbftrt Of the granulocytes 
arc (ifcrcasod but in vitro aiidte$ also showed tiat their fujiraon 

Table 2.TBwcity PrwCUe of Anthracydiues 



ACUTE TOXICXTY 

Bane uitow Repression tmajflly leuco- ma. ncutropcnCa) 

I^BUsea atid vomidi^g 
StomanJis 

Phlebitjfi: ilasue nccTOSts after extravasation 

CHKONi c Toxicrry 

Clirdie3jy<3palby 

^0 secondary leuloemisi 



is iir^i-ed by the toxic cffiecc8 of 9athra.cyclincs C^C]. Other 
eidc effect! are nausea., vomiting, phl&biTis and alopecia. 
Reducing the blood flow 10 the scalp (by using cold ca^ps), 
respectively to iho mucosa of the mouih (by swalltswing ice- 
cubes) timing infusion of the drug have not proven any 
sobstantiftl benefit [91, 92]. Extravasation of the drug ofteti 
laads to tissue necrosis. MyclosuppresjioTi and mucositis as 
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nifiLjor early dose limiting toxicities ware noc neduecd by 
prolonging tlw tiuaft of infusion in tJie axajority of the Short 
vcrsu£ long-cemi iafusion sladiftS. Scnos SEUdics eved rep cart £ui 
increased risk of mticoJibs when time of infu&ion prolonged 
[93, 94]. LED reduces the risk of phlebitis and necrosis from 
extravasation by a reduction of tlie RcJerosin^ effect of 
doxorubicifi. In intrnperitnnfiaj or intravtsical tx5«, where dose 
limiting toxiCiTy is claftmical peritonitis cr e>*siUis. LED 
permitted hifiher dofiAgcs compAred to free doxorubicin [95]. 
With iv LED a, higher incidenec of fever with a lowfcr ineidcnoe of 
na.LA&ca and vomittog was founci. Acum dose limtif;^^. coxi cities 
were Leuko- iuvd rteotropeiUfl and stoniaritis [67]. Tiais is in 
contrast (O resulu from an ptasc £ siudy wiih iv LED in which a.' 
strilrtlig ahsencft of stomaiitis was repoited [64]. Another v^'cl[• 
kDowo side-effect is the so-called recall pbenomenoo: the 
reactiv&doA of radiaifon re&ctton in ttxy previously ktadiaied 
field by aJithracycline* [96]. CanJiotoxicily tiac been describsti 
as an acoie, subacute or lac£ (more th&ii ten ytuxs after 
chftoaotherapy) irreversible biventricular congestive hean failure 
(CHF> [971. CHF has bcon observed in patients «^ih and withont 
sigrvs of (subclinical) cardiotoxicity danng or shoniy after theU" 
anthiacycline tresindenL Subclinical cordi&c danoage is usually 
defined as an equal to pr greater th^n 10 % absoluie decrease in 
left ventricular ejecdon fraction measurwl by radionuclide 
cineiuigiecardiograpby. The mosi seosittve me^od lo prtdict 
CHF is an cDdonAyocordial faidpfy. Morphologic changes 
observed in chronic cardiotoxicity from anthracycdlacfi arc 
cardiac dilauiion^ degeneration and atropby of cardiac 
myocytes, interstitial edema and fibrosis The powniial 
reversibility of left Vfcntricnlar dysfunction has bean su^este^ 
[983, bor improvement of ventricular ejection fraction seems to 
be 9 fhJictional ac^apcadon, n:^ore thin flO anatomical repair. Tbc 
exact mechanism(s) by which antliracyclinss exert their 
CsrdjotOKic action are not completely revei]ed. Free i-adical 
fOirm-tion Sitms to play s major role llOO], NaDPH dcpendetti; 
rednccascs are able to convert siadxracycUne? tu semiquinone 
raiicals, Mitochondria mighi represent the major site of 
semiquinone radical geoeraiion. The heart seems to be less 
cflpabk of defending ittcif agaiflst ftee radicals by smaller 
aciojats of dctoxifyijij cnzytttits Lhan the livei that is also rich 
JO mitochondria aad reductases. The risk of CRidiocoxicity 
increases with Increasing t^mulativ^ dosages and appears to hs 
agc-relatsd with higher lisJc* for younger children [101 J, The 
cardiac funciion of 1 15 children who had been, creaied for acute 
lymphoblastic leukemia with doxorubicin wae studied 1 to 15 
years after their trcstmenc [102]. Abnorrxiflliiies of left 
ventricular afterload or contracijlity were found in 57 % of the 
patieuts with curcvulodve dose of d05(0nibicin as predictor of 
abnormil cvdiac function. Other wcll-lcnCiyT] risk factocs ar* 
previous mediftstinai irradiation, hyperient jon, 
elecTxocardiographic chAngts ind signs of left ventrjeular 
hypertrophy at baseline. Eased on a *cudy in 135 breasi cuacer 
patients traated wilh epirubicin it was supposed that cumulative 
dosagei of epirubicin over 500 mg/m^, and especially over 1000 
mg/m^, for.rt a rJsl: of cardioioxjcicy and of daaOi due to CHF 
[103]. Von Koff et al. had deteimined the cuiniilatiYe majtimmn 
tolerated dwe for doxombicin at 500-550 mg/ro^ [3 04], Whether 
cordiotoxicity coald be reduced if doxoivbicin waa admin istcixid 
by prolonged versus bolus infusion was evaluated in jcvera] 
studies [105, 106], assuraing a relationship between 
cardiotoxicity and poaJt plasma viJucA of the drug. Pacciarini ei 
al. found less doxorubicin ukcn up by the myociu'dia! cells of 
Diic6 wbcn peak plasina levels were lowered by giving the sarnc 
dose in small daily fracaort& compared to thii uptake a^icr a 
tingle bolus injection [107], It is supposed thar deioxi^-ing 
mechAniflins protecTjng the heart againsi loxic effect^ of 
anrhfacyclines and/or their metabolites become saturated ai 
higher Isvels of the cytotoxic drugj;- For daunorublcin, 
doxorubicin and tpimbiein the relative cardiotoxiciiy fourtd 
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to be higbttst for the 15-dihydfO metabolite (dauao-. doKt>- and 
epirtibicinol, respect ively^ [108 J. A direct nibticnship was 
found between tbe degree of cardiotoxicity and accomulated 
relative antounts of anthracyclino metabolites [109]. Clinical 
trials slkOsved th&t cantinuoas infusion of dOKCrubicin towered 
the incidence of Csub)clinical caxdiac da:na£^} contpared to bolbs 
infusiot;. Billlfighajsi et al. ilcactibcd a hiKLopathoIogically 
meibod that allowed quuicifl cation of cardiac damage in 
cndomyooajdial biopsies [110]. Different studies were able tc 
show a reduction of etvdOEDyocardial dairs&ge for more &equ9nc 
low-dose or continiXfUi ofoatment [m, IJZ]. 

Scheduling appeared to have a major effect c^n eardiocQ^ticiiy 
with a decrease of clinical and hi sio logical cardiac daxnase if 
ticnc of hifueion wo« ejttcnded to 24- hotirs or more [48]. However, 
no redaction of cardiotOKidty wat seen when the duration of 
infusion w-as lets than 24 houn. Cardiac protection of LED 
mi^hi he reJat«d to the retarded drag uptake by cardiac tissues due 
to the interaction of the drug with ibe cardiolipiti component of 
the vasiclcj [t>41. Doxorubicin form doxorubioin-iron chelates 
ibat have the capacity to bind lo the iurfa^e of call ineiiibranes 
where thc>' catalyze the reduetioa of oxygen to ioperoxidc 
radicals by CSH. with a rcsultiftg membrane destruction. The 
bisoxopipciBziite class of drugs, especially dexrazoXime (ICRJF- 
IST), 35 able to distract iron from ihc doxQnibicin"irDi! complex 
by its iron chelating poteucy^ thus prevenrfng the membrane 
desiructiioi] by dcxonabiciB [1X3]. ICRF-157 scccns the most 
promising of th* group of scavejs^r drJgs tested for their 
clinical potential to reduce cftrdiotoxicity in anthracycIiDi 
ti-eatmcni. ICRF-187 wa$ originally developed u an aniicaccer 
ag«nt, but while it exhibited only little cyxoioxic activity it 
appeared to reduce cardiotoxicity of dojcorubicin and 
daunorubicin in aniinal studies [IK]. The first clinical studies 
with This c ai-dioprotccior sho-* equal itonciirdjac toxicity tnd 
cytotoxic efficacy cornpared to rrcaGneni with anthracycliaes 
without ICSP'157 [115], while in oqb study lCRF-187 wap found 
10 permit RdmiDisuatioa of higher cumulative doifiges of 
doxorubicin [116], Tesiine new aathracycliflt analogs with 
unknown CSifdiotoxtc profile demiuids intcf^^ive and prolonged 
monitoring to detect cardioloxjc effects pf the drug [117]. In 
mice pharmacokinetic data of heart ii?5uc <AUC cf iatracellular 
anthracycline concentration) ccmbined with measured 
caidioioxiclty relative to doxorubtcia wac found to be a 
procnising model lo predict cardio toxic potency of new 
anthracycline analogs pOS]. 

Mecbanisxns of Resistance 

.Aanhracycliues arc invoJved id multidrug resisiaQce (MDR) 
[1 181. Drugs involved in MDR ^hait no sirucLural or functional 
comiDQDalit;;', but iharc their tiatural character (plant Alkaloids, 
antibLotiee of bacterial or fungal origin), their lipophilJcKy acid 
their relativtily large molecule wei^t. They are amphipartiic, 
po&idv-e or uachajged at neutral pH and enter cells widiout the 
use of canifiTS [IIP, 120J. Tbeir transport ov=r the cell 
meoobrane appcarisd to be continued by enerEy-dependent efflux 
pympa fluch as the P-glycoproVein (encoded by the mdrl gene). 
The main characteristic .<Jf this type of resi stance is a decreased 
cellulii' atcuraulation of drxigs that are substrate of P- 
Slycoproreitj (e.g. anihracyclines, vinca-alkalolds, laxanes, 
epipodophyUotoxios). The best known mechani&m of action of 
MDR if thai of tiie P-glycoprotdn cfflas pump in the plasma 
menibrRnc [Ui]. As P-grlycoprotein is part of the cell membrane 
of normal tiasvca with a varioty of functions CS'g- iiver, kidneys, 
adrenal ^latKls, blood brain barrier and, with low c)tpctssic?n, in 
the bonQ roairow) its nanixal roJe it tbotight to be a bouncer for 
poreatiaUy toxic agents. Fojo et al. [122] demonKtrated high 
levels of P- glycoprotein in tcmors origirmung £mm lisauet with 
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X nafnral high impress ion of ihe prorcin. B[?th renal «id colon 
caaoer are estamplee of aimors wills high P-glycopr<3tciii 
ejcpxesiion itiat art intrinsififelly rssiAtant to chtmotherapeaitic 
agenis, A positive correlBtior ^as observed betweeu P- 
glycoprotein fcxpreifiion a»d refractoriness to chemotheripy ifl 
several heiaaio logic an<i solid maLignancics, afld iacreaeinff 
levels of P-^ycOprotein fcxpression vere demonsirtted with 
increasing exposure to chemothttapeiicic drugs [123-126], Soma 
studies ^idL-swppon tht hyp&cbesii that P-glycoprgtcin 
expression not cnxjy cojreLatcs with rjsponie to ctftmo therapy 
bat Ql50 wilt the grade of differen^tioji of the wmcr and wilh 
locul tumor figgressivenees [127, 128]. The eanre coding 
sequence of P-glyooprotein has btcn dBciphered from a highly 
drag reaiwam hmnaii c«ll Itijc [12?T- TrxmsfectioQ of ihe mdrl 
gene in seiLsitive cells turned iherni and their offspring inio 
mulUdrug nteistacc celU [130]- 

Recenily. overexpression of messenger RNA (mRNA) 
cncocSirig for snoiher proiiin involved, m MDR. ranJtidrue 
resistancc-associsted protein CMRP), was dcmontlrAted by Cole 
fit a], in a human lung «in«r eel] lice [131]. In tM5 ctll line no 
reduced anthracycjine levE? was observed, probably bccatiBC of 
COmpanitnenlfllizaUon iti vehicles. Receotly, Grant et al. find 
Zatnan et aJ. have tuccewfijUy iransftscted cells with expression 
vectott eODtaiiaiiig MRP cDNA resultiiig ill MDR cells [132, 
133], Zazn«Q ot al. observed increased drug efflux in the 
□ran^facitd cell line. 

A second mcchnnisin of resistance agai^cifit antlifacyclinfts 
has bt&R dsfinsd iy u decreased ccUulAf cociccairation or altereiS 
fouction of topoisomcras* II II 34, 135]. WiThin one ceJI iJne 
bDth quantitative and qualiUtave changes in topotsomerase 11 
can occur sinnjlcajieous^y [13(5]- The aetlvjiy and the amount of 
Che enzyme is cell cycle dependent anC maximal at Gj/M phare 

[I37j, Cells with an increased amouni of topoisomexaK II have 
been fo^ind to be hypsrseasitive to iocercalating ageijns [138]. 
CtU lines with decreased activity of topoisomerase II have 
shown decrsAsed cyipioxicity in response to treatment with 
these ehemotherapeu di: agents comp&iud :o eeil lines with a 
normal level of topoisomcrasc II level [139-141]. 

The availibility of cellular detoxify ing sysiBins is a third 
mecb.»nism of resistance afiainst aoijiracycliftfis [142]. De Viit« 
et al. [M3J described an initially aensiiive human Jting cancer 
cell line ihat showed increafiitig GSH and sulfhydr^'I level j, and 
incfeasing aciivity of glvnathione S-transfcrase (GST) and 
catalase dunnfl chem othcrapeuiSc treatment of the padeni vidl 
clinioal dcveJoptncnt of complete resistance. It is suggested that 
increiLSiid activity of these deioxifying^ pathwaye increases the 
tolerance for aDthreeydiftes [144]. The GS-X pvmp is a pvnip for 
removal cvf GSH conju^ias [1453. Jfedlltsciiky ei al, and Mtiller 
et a!, have recently demons tratfid that overexpresfiion of the 
MR? gene tn a human cancer cell line increases the activity of 
the GS-X pujnp in placma membrtmc vesicl*s isolated iram tfaesc 
cells, fiU£;gCBdng a link betwoca MRP and die GS-X pump [146, 
147J. 

Intracellular companimenEilization may be^ another 
mDchanism of rciifitance. Ai) in vitro flutjrescencc study of 
daunoTiiblciii showed uptake in cytoplasm and euejeaj in 
sensitive cells, asfiociated wiih ejnhaftccd retention and 
eyretoxicity, whereas resistant lines sbowed diversion from 
the nucleus and accimiclation into membraA^s uid the GoJgi 
apparatus, which i& associarecl vtdth reduced cytotoxicity (l4&]. 

Cell lines that have shown resistance against the MAk, 
syothesiied to retain activity in rcBiscant tumors, should reveal 
the mechanisms involved in resistance to these agents. Acquired 
in vlirO and in vivo re&ifitanet against both cyang- and 
nvethoxymorpholiayl doxorubicin (MMD) was observed in a 
murifle cell line. L12;0. that had been repeatedly treated with 



MMD [349), Iniertfitingly, resitiance against inorpholino 
doxombfcift was only present in vjvo, but eouJd be established 
In vitro twhen liver flractions were added to the cells. These cells 
showed no cxpr-ssion of P-glycoproifiin, were sensitive to 
topoi6s3menu;e Et inbibitoi^ and had norma J level* of GST and 
GSH. Observations concerning DNA damage and repair 
mechrnisms left the possibility of a resistance mechanism 
related to an increase in DNa dartMige. Lewis « aj. [ISO] and 
other ,^vp3 observed in ]SS-2R» an ovariin cflrcinona- ccJi 4«ve 
resjsis.nl for cyanomorpholiny] doxorubicin, croifi-rcsi stance 
for aiify latins agents and iofiiaing radiatioft. TTiese cells had 
lowered topoisotncraac 11 levels, inclosed GSH levels with 
increajed GST aaivicy and erihBDced DNA repain sensitivity 
couLd be r^eained by modulating GSH roaiabolism. Cok found 
resUtaftce againfit eyanomCfrpholirtyl doxorubicin in a cell line 
that vi'as later found to ovorexpress MRP [151]. The exact 
mechanisms of resistance to MA Jtill have to be idenciCed. 
Nowadays, the use of the palymerase cliain reaction as a highly 
sensitive detection method for P-£lycoproiein enables the 
detection of very low levels of expression. The cliuieal 
relevajice, however, of very low levels of erpr&ssion Still b?Ls to 
be revealed [1521. 

Resistance to anthiacyclines in vivo will probably jcldom 
be the reSuJt of a siagle resistance mechaniEm; differeni 
roechinisms aie thought to be involved in drag resistance in 
huroan rumoTB [153]. 

Circamvention of Resistance 

Circ una vcfi lion of resistance \& a major goal in cancer 
rew:ftr':h. Increasing the dose of currently available 
anthracydines hSLS been used a£ a way to circumvent resistance, 
Bpirubicin. especially in high-dose therapy (i.e.: dosages abcrve 
the coMveotial dose of 60-90 ras/m^^S weeks), shows s clear 
dose-ni£ponse relationship [9], Doxorubicin, with iis ralativeiy 
higher toxicity profile, can not be escalated to dosages thM 
tTOigbt show jignificantly bectar response rates. Recently, high- 
dose (;pirubicin Studies In solid tumors Zlit hematologic 
maligrtancias have beam performed to evsLtnate this stipposed 
increase in therapeutic ijidfix [154-156]. Higher re)spotii!e rates 
than thos» achieved with cocventioaal doses of epirubicia were 
obtained in breast and non-sinall cell lung cancer with liigh-do^c 
eplrubicin single agent treatment or high-dose epirubicin 
containing regimens tl57]. The use of hematopoietic growrh 
factors might fiirther exploit this dose -response relatioDship 
[155], However, it has to be taken into account that mucositis Is 
found to replace ^anulocytopenia a& the early dose-UmjtiAg 
toxicitj' while cardiOLOxicity remains the late dose-Hmidng 
factor. 

Examples of new anthracyclines meant CO ovcrcojne 
resistance are idarubicls, detorubicin nod esorubicin [159]. 
Chnical results of these agents however wer$ oiod«rate: 
coatirtwcd search delivered the MA that showed nearly full 
retifitioc of cytotoxic activity agoinS! MCR cell lines. In vitro 
SLodies hflvft sbovn that dGTlvaieis with 9-^)kyl substitutions in 
the A ring of the cbromopito« and suhstitutioiM ar the 3'- and/or 
4'-position of the daunosamine unit can avercotne resistance 
afiaiott anthtacyciines [160, I61J, Examples arc the MA which 
retain equal cytotoxic pocency in doxorubicin sensitive and 
resistant cell lines, In vjcro studies sJiowtd a 3- to 1 5-fold 
increased potency in sensitive cell lines compared to their 
pareni compound, with a farther 10-fold iocreasft in potency in 
vjvo as a consequence of activation by microsornal e.azyines 
[20], Tl3D MA posMts a morphoHnc nag LncorpQralirtg the 
amino nitrogen of the daunoeamine unit at the 3 "-position. I( is 
supposed that the charged amino at the 3 '-position of the 
daunoeamine sugar interacts with P-glycoproiein, Doauninated 
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aaUuacydincs have been found ro more cytotoxic in resistant 
cell Hnca than their parent compounds l%-€i[. The MA share tbftir 
morpbolieo ring well a5 a lack of crost-resistancc ia 
doxorubicin resistant P-gp poiiixive &a<i negative ceU litift$ 
U62J. 

Since tbe MAs were found to be far more toxic than their 
parent ctra^wunds and iliertfore are afimimttereid at far Iftwcr 
dosdgcs, it is hoped thit thesis compounds are no( cardiotoxic. 
Much feRtatch has befci ditectsd towards meafls cf revexung ihe 
rirsc elwoidated resjitence mechanism a^^^cly P- glycoprotein, 
Dfug resistance could overcoms when tho enhanced efflux of 
MDR-rype drugs is blocked^ thu5 restaring intracellular drug 
conOCDtiatiorifi. Reversal agents, or so-c&llsd modulators, are 
competitivfi irLhibators of the P-glycoproteiD pump. Tt>t use of 
P-glycoproicin intagonisis has been extcjwively studied since 
T^Jniot' ci6SCfiption of successful modification of resistance 
against vincristine and vinb Irs tine by ihe calcium Mocldng 
agent verflpamil (163]. After this ftport many other eompouni^ 
have proven xheir aclivliy a$ P -glycoprotein antagoniSK [164]. 
Primarily calcium aGtagonisn and calmodulin inhibitors were 
srudieA VerApamil has bean found to be an cffecclvB modulatjor in 
hematologic jtnalignancics. but In doiagss needed fcr versa) of 
MDR (2-6 \ymc\) che drug have ferioufi cardiovascular 
loxicity [165-167]. Verapamil analogs Ctiapanjil, SDB- 
ediylenwliamiDe) couple a slightly favorable toxicity profile to 
£ reduced mcduUting capaci^. In clinical studies none of the 
calcium antagonists D-verapadiil, bepidril and nifedipine, 
selected for their reduced cardiovaacular toxicrty, ippe^red to be 
devoid of cardio vascular side-effects [168-1701. Cyclosporins 
c»n also seasidae MDR cells buc thft dmg is not only ^ell known 
for its immuooftuppressivc potency, "but ib also notorious for its 
toxicity, especially acute and chronic n5phrot^>xieity. 

Although cyclosporin pUsiwi levels requirefl for MDR 
modulaiiOn in vino could be reached in vivo with acceptable 
toxidiy 1171-1733. its notjimmuoosnppreftsivc analog PSC 833 
is now subjc&t of IntensLYC research [174-176]. For amiodBrone 
resistance xnodifyin^ coccentrarions can be reached witboui its 
I:no"Virn cartliac, pulmocAiy or hepatic tojiicity observed after 
long -terra use. First results of clinical studies report 
important clinical loxicity ai peak serum levels iliat can 
tfTactively enhance cytotoxiciiy in vitro [177]. a diverse grgiip 
of other agwDW. caost of thecn aniphipacbic and lipophilic such 
as qninidinc, dipyridamole and cefuiaxona, were reported to 
exhibit only limited modifying potency [17S-]fi0l, A way to 
obtain poiendally reversing coocencrations without serious 
toxicity cowld be to combine differtiit rcversmg agents. In vitro 
addition and syoergiitn of v^iiious combinations of rrjodlfying 
agMtts has been obserwed [181,182] bot until now no in vivo 
studies with combinations of modifying agents have been 
perfonned. as P -glycoprotein ic naturally present in organs 
involved in excretion CHvor, kidney ir) an increaKd AUC of tho 
cytotoxic drufl is fcatpccred. For verapamil changes in tbe plasma 
phamiacoldnctic parameters of chemotherapy udc ag«git$ wei'e 
ob5Qt^'ed with higher peak concentration e, a longer tennind 
half-life end lower plasma clearance of doxorubicin when 
administered together with voarapamil [183]. This is in controBC 
to the studies of Gi£ance_|^ al. who fonod uncbaogsd 
phaimacokinetics for doxorubicin if combined with verapamil 
[184J. Mross et al, described eimilar phftrmacofcinfetics but a 
difference id msTabotlsm of epirubiCJD with hi£h(M levek of the 
7-d*0xy-aglycones when epirubidlo ii combined with vCTHpamil 
[185], 

In solid tumor patiftnus, ^ higher AUC for d&zarubicin and 
doxonibicinol was observed ie phase I suidics of doxorubicin 
combined wirb PSC 833 [166, 167], gRrly results of ia vivo 
studies of dojtorjhieLa combined with PSC S3 3. ad^uioistered 
orally or iv, confinned thess cbfierv£,tioas, Toxiciiy of 
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doxorubicin wsis shown to be ipcfeased; its dose had to bo 
redncesd in these combinaiion snjdies. Itjcreased bone marrow 
toxicity is Supposed lo bff thie to an increase in systemic 
exposure of the cytostatic drufi; modulation of P-glycoprotein 
present in pormal bono marrow docs not seem to play an 
important roie [IBS. IS?]. Jn StJidiea of doxorubicin with a 
modulator, doxoiubicinol plasma levels were increased to lavels 
higher than bose of doxorubicin, (up to a 350 % increase in the 
AUC of doxgrtibicinol). A selective bloek of tho doxorubicino! 
mccabolistn has been supposed because the AUC's of 
doiorubicin in these studies were fotnad to be lOfiS in^eawd. As 
cytochrome P-450 and NADPH giycosidasc are enzymes toquired 
for the major metabolic pathway of doxorubicinol ii was 
suggested (hilt these enxymcs could be selectivtly iciubited by 
resislaoce modulators [186]. The alcohol meiaboltte of 
doxorubicin is the most cardiotoxic of the three anthracycUno 
dorivales aaunombicm, doxombicin aud cpimbicin and their 
alcohol metabolites [iOS. ISS]; therefore careful roonjioring of 
crardiac function in these types of studies is indicaced. Up to now 
there are no studies that can distingQish between 
pharmacokinetic and pharinacodynanaie effects of the modal ators 
and differentiate between responSss abtaiaed by an incteaied 
AUC and by truly modulated rciistance [187], There is a need for 
studies that can imalyzc the in vivo ictraturoor kioeiic behaviour 
of anthracyc^ines ftod modulaiiing BgeD«. In Wvo visualiiation 
of the turn or lo obcerve the inflnenee of modal acors on tumor 
pharmacokiixeti cs will give addiiiotial insidat. In ^ animal 
model an crgnnoiechnetium complex (^m-Technetium 
Sestamibi)wi-ii a cellular pharmacokirieric profile comparable to 
the pbSiniiaccftLnetic profile of cytotoxic agejufl allowed the 
visualizariotj of the infl.iience of iii£>diilators on drag uptake and 
effju)! [leej. Currently snidies.are Ongoiug vnxtl ^m-Techneciom 
Sesxamibi. fcr example in oiar center in combination with PSC 
833. Franssen ct al. [1901 were able to evaluate 
pharmaookinJticG of daunombdoin in rats ufin^ C-11 labeled 
daunorubicltt. The C-1 1 lal>el allows positron emission 
tomograpby t?ET) Ecanning and thus vijualizatioc of the tumor 
kin did ;£ of die anthracycline. Studies in animals bearing P- 
glycoprotein or MDR. positive or uegauve cuaoArfi tfity enable 
the evaluatioin of thfi effect of resisuinoc modulating agents on 
the efflux of anthracyclinee. For clinical research of modifying 
agents it is veiy important that, whenever possible, the F- 
glyooproiem and MRP status of e'fery pttiftnt is recorded before, 
during and arter treatment, and that both chemotherapeutic and 
modnlacor pbarmacokiiictics (ensuring blood concentraiions 
capable of re;veriicg P-e3yt(Jprotein are actually achie^BQl) are 
studied [121], tvloreover. the criteria for calling o ramor P- 
glycoprotein Or MDR positive ihouid be defined before starting 
further sajdies witft, reversal agents. Conii'olied smdies, also in 
previously untrcaiod patients, should "be perfoimed to detect 
diffeiiences in response rates between chemothcx^pftutie 
treatment with and without modulators in patients with P- 
glycoprotein posidve irnnor? [167]. This way the cUriCal value 
of a modulatw can be cltaily determined, McLeod stresaes ihe 
need of the comparisou of equj potent dosagei of cytostatic drugs 
with and without a rtOdulBtor. This necessitates the prior 
definition of the MTD of a cyio sialic drug with a ceiwltt dOSe of a 
modulator. 

First studies with modulating agcjiti usually )iad a phase I 
character entsring patients with advanced tumors unlikely to 
respond, and often failed to screen tamers for P-|fly ocpr otcin 
thus evaluating P-glycoprotcin modifying tapacity of a drug 
also in patlcnrs with tumor? not ovcrexpressing P- glycoprotein. 
Other studies evaluated responses of equft.1 am,oiinis or a fixed 
reduction of the doie of cytostatic drugs withoui dcterminiflfi 
actually Achieved femm canceniraiions of the cytostatics. These 
factor^ could have contributed to the first disappointing resutis 
of clinical use of rcBponse modifying agents outside the field of 
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hcraawlogical maligaaocies. Rc«ntly» the fust large 
rtudomized enidies mcfflot to modulate P-glycoprcteiu have be*n 
pubJishwi. One of These a phase III trial of epirubicin ud 
quinidine in adv-ancod bieasi coaccr that found no diffcsftftce In 
wxicity profile, response rate and survival in 223 paticots (witti 
unknown P-slycoprocein etaiufi) [191]. Oiher poasiMe ways of 
P-filycoprotdn revtt&al should alio be brou£lii into tht search 
for effective modificaiiGD of resistance, luci *4 the use of 
monoclooal antibodies djrfcctad against P-glycopratfijo [192} 
aad inhibition of mdrl gene expression by ihe use of aDti^ense 
oLiEoiucleotjideB [193]. As resistanee in mmorB U usually made 
up of different resistance mechaniscifi, full raversal of drug 
rcBistance 15- less LUceiy to be acKifcvftd by coaalainjiig 
chemqiJifinpy with b drug attacking only one mechanism of 
resistance. A smdy performed by Hexzog et ah [1 94 J 
demonstreting increased mdrl expression within 8 hours after 
treatment of htunan colon cHxcinonia «oUs with tibe calciuni 
chaantZ blockers vera-parojl, nifedipine, ificardipine, diltiazem, 
and cyclosporin A, strosecs tlie crge for a combmed approach of 
tumor eel] resisiaiice. Up to aow no clinically applicable 
mckdulacoi of MRP is known. 



Conclusions 

Anthracy dines have gaiited a mtijor place in curative and 
palljacive cheinotheTap«utjc cancer treatmest with activiTy in a 
^x^idc scope of oeoplasms. As toxicity and primary or aeeondary 
rwisience liuiitfi th« ^'ilue cf anthracycllnes aatjcaneer 
agectt. extensive researoh has boen directed t^«ip'airis means of 
reducing tojucaity and increasing senflitivity. Cardipprottctive 
drugs are tested for their ability to reduce (he incidence lad 
severity of the ciiroaic toxicity of antbracyclines, High^doje 
treatments of die toxic aecond-generaiion epirabicirs ■w.'iih or 
without die aid of bone marrow siimnlating &ctiCJ£ lo maximize 
response rates are tiAgoing. I>rug canicis fire tested for more 
specific delivery and hence more specific cytotoxidty. Cufftnt 
studies are evaluating third- generation dori-vates vdTh supposed 
improved rexicity profile iind retained activity io resistant 
tumoES. Meanwhile, seardi. for new derivaiee continoes. Growing 
understanding of the scruetura-activity relationship will aUoiv 
more litionally chosen cite* and types of dsrivation. A main 
goal for the foiurt: vwll be the inclusion of wmore up to now 
known as primary resistant to chemodfeer^cutic agents with 
high incidence, such as non-sniall cell lung cancer tnrfi colon 
carcinomfl, in the theiapeutLc spectrum of ttie aothtdeyeliies. 

Supported by grants VU 94-660. RUG &4-7a3, and RVG 95- 
1007 fflf the Diitch Ckucsr Soed&ty. 

List Of Abbrevations 

ATP Adenosine eriptosphate 

AUC Area under the curve 

CHF CongMtrvc heart failure 

DMA Deoxyribonucleic acid 

QSW Glutathione 

GST Glutathione S -transferase 

LED Liposonae oncapfulatftd doxocubicin 

MA Moipboijryl (mthracyclines 

KCDR Multidrug rcsist:anc& 

MMD MethoxyraorphcIiByl amhracyclines 

MRF Multidrug r^^i stance associated protein 

NADHH NicotinanaddB-fudfioine dinueleocide phosphate 

P£T Positron emission tomography 

R£S Reticuloendothelial system 

RNA RiboTnicleic acid 
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